We performed a double-blind cross-over study with amantadine hydrochloride in 12 patients with Friedreich's disease and 2 with autosomal dominant cerebellar ataxia. Patients were randomly assigned to a placeboamantadine or amantadine-placebo sequence. The interval between the treatments was two weeks. Patients were graded according to a functional ataxia scoring scale and videotaped in basal conditions and 90 min after a single oral dose of 100 mg amantadine or placebo. Three evaluators independently scored the videotapes. Statistical analysis showed no significant effect of amantadine in Friedreich's disease. 
Hereditary ataxias are a heterogeneous group of rare diseases. Friedreich's disease (FD) is the most common in the largest series published recently, followed by autosomal dominant cerebellar ataxia (ADCA).
1 -2 Recent advances in molecular genetics have allowed mapping of the FD gene on the centromeric region of the long arm of chromosome 9 3 and the ADCA gene on the short arm of chromosome 6 in some families. 4 No effective treatment is available for FD or other inherited ataxias. Recently, Peterson et al. 5 reported a significant improvement in 16 FD patients after a single oral administration of amantadine hydrochloride (AH) in an uncontrolled study. The beneficial effect of AH was related to a release of dopamine or to an increased GABA content in the CNS. Botez et al. 6 found that AH improved reaction and movement times in a group of 12 patients with olivopontocerebellar atrophy in an open trial with 200 mg/day AH for more than 3 months, whereas only right hand movement times improved in a group of 17 FD patients. Since neither study was controlled, we performed a double-blind cross-over study in 12 patients with FD and 2 with ADCA using a single oral AH dose.
PATIENTS AND METHODS
All the patients gave informed consent to participate in the trial. Table 1 shows the clinical features of the 14 patients.
Diagnostic criteria for FD were: autosomal recessive inheritance, onset by age 20 years, progressive ataxia of stance and gait and lower limb areflexia. Furthermore, at least one of the following signs was required in the index cases: dysarthria, extensor plantar response or echocardiographic signs of hypertrophic cardiomyopathy. 2 Two secondary cases (No. 7 and 14) fulfilled the above criteria, but onset was after 20. Molecular genetic studies were performed in 9 out of 12 FD patients, including the two late onset patients. Polymorphic markers of the centromeric region of the long arm of chromosome 9 cosegregated with the disease locus in all cases.
Diagnostic criteria for ADCA were: autosomal dominant inheritance, onset after 20 years and progressive ataxia of stance and gait. Other possible features were ophthalmoplegia, dementia, optic atrophy, extrapyramidal signs, amyotrophy. 1 The two brothers with ADCA were from a family with a chromosome 6-linked form. 
(NUDS).
Patients were randomly assigned to a placebo-AH or AHplacebo sequence. The interval between the treatments was two weeks. Patients were tested according to the functional ataxia scoring scale (FASS) suggested by Peterson et al. 5 with minor modifications (Table 2 ) and videotaped in basal conditions (about 9 a.m.) and 90 min after an oral administration of placebo or a 100 mg tablet of AH. At the same times, manual dexterity (modified pegboard test; 7 score = number of tubes placed into a rack in 60 s) and writing tests (signature and geometric design; score = 0-20) were performed. Subjective patient evaluation of the treatment and side effects were also recorded.
After the completion of the trial three blinded evaluators independently scored the videotapes and the writing tests. The evaluators were experienced neurologists (AF, GDM, GO) who did not follow the patients during the trial.
The mean coefficient of variation of the FASS total score between examiners and days (first and second basal) was calculated. The Friedman test was used to evaluate modifications of FASS (total and subtotal scores) and other tests. Pearson and Spearman coefficients were used to study FASS/NUDS and FASS/1APS correlations, respectively.
RESULTS
Mean coefficient of variation of FASS total score was 13.0% between examiners and 8.3% between days. FASS total score (first basal) correlated with NUDS score (r = -0.748) and IAPS stage (r s = 0.783). Table 3 shows the FASS total score variations during the trial. The Friedman test did not show significant changes either according to time ( chi-square = 5.29; df = 3) or according to treatment (chi-square = 2.46; df = 3). A similar analysis was performed on subtotal scores. Only the stance score varied significantly according to times (first basal mean score ± SD = 18 ± 8; first treatment = 17 ± 9; second basal = 16 ± 9; second treatment = 16 ± 9; chi-square = 8.93; df = 3; p = 0.03).
As for the manual dexterity test, no difference between treatments was found (chi square = 0.88; df = 3), whereas a significant improvement with time was evident (first basal = 29 ± 11; first treatment = 32 ± 13; second basal = 33 ± 12; second treatment = 33 ± 13; chi-square = 17.2; df = 3; p < 0.005).
Statistical analysis of writing during the trial did not show significant variation either between times (chi-square = 2.48; df = 3) or between treatments (chi-square = 3.84; df = 3). AH: amantadine hydrochloride; PLA: placebo. Trial sequence was AH-PLA in patients 1 -7, PLA-AH in patients 8 -14. Each value is the average score of the 3 evaluators.
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Only two patients reported improvement, one of them (No. 4) after AH, the other (No. 14) after each treatment. Sedation was reported after AH in one case (No. 4).
One of the two ADCA patients (No. 2) had a 14% improvement at FASS total score after AH. DISCUSSION Peterson et al. 5 proposed FASS to evaluate the effects of AH in FD patients. They obtained a good response in all patients, although they did not indicate which FASS items improved. The scoring scale we used differed mainly in that cardiomyopathy and scoliosis were omitted, since modifications of these items appeared unlikely, writing was evaluated separately and a manual dexterity test was added.
This modified scale proved to be reproducible between examiners (mean variation coefficient = 13%) and between days (8.3%). Sensitivity was demonstrated by the wide range between patients (10 -130, see Table 3 ). Furthermore, correlation between FASS total score and disability (NUDS) and disease progression (IAPS) was good.
Statistical evaluation of the effects of treatment on the total score, the 6 subscores, writing and manual dexterity test showed no significant changes.
The analysis of the time effect (independent of type of treatment) showed an improvement of manual dexterity consistent with learning. The slight significance level obtained for stance is likely due to chance, since numerous significance tests were performed.
These results contrast with the 29.5% FASS improvement reported by Peterson et al., 5 which increased to 45.5% in ambulatory patients. There were some methodological differences between the two studies. Peterson et al. used a dose of 1 mg/lb of AH syrup to a maximum of 100 mg. Since we had no patient of pediatric age (< 14 years) we used a fixed dose of 100 mg. Peterson et al. evaluated the patients 60 min after the drug administration and reported that the effect was present in the majority of them in 1 hour and then gradually dissipated over 3 -4 hours. We preferred to postpone videotaping to 90 mins since plasma peak of AH after a single oral dose is at 2.1 ± 1.0 hours (mean ± SD). 9 The above discussed scoring scale modifications do not seem to account for the discrepancies in the results. The design of the studies differed in that only the evaluators were blind in Peterson's study, whereas both evaluators and patients were blind in our placebo-controlled study. However, even considering only the sequence (AH) basal -AH in our study, which overlap the Peterson's experiment, no effect of AH was evident (see Table 3 ). A higher expectation of improvement in Peterson's patients might explain the positive results in that study.
As demonstrated by Bradley et al. 10 evaluation of patients with neuromuscular disease (including spino-cerebellar degenerations) may be affected by the placebo effect since so-called objective tests are also influenced by patient cooperation, attention, effort, and motivation. Uncontrolled pilot studies may produce initial enthusiasm, but their results must be verified by controlled trials.
In conclusion, our results do not show any significant effect of a single dose of AH in FD. Further studies are required to evaluate the chronic treatment, however, since AH is not free of side effects under long term administration, we believe that its use in FD is so far not warranted. More patients are needed to evaluate AH effects in patients with ADCA and other late onset spino-cerebellar degenerations in which Botez et al. 6 suggested an AH effect greater than in FD.
